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cense.Abstract The potentiometric response characteristics of zinc ion selective PVC-based membrane
electrode employing 1,12,14-triaza-5,8-dioxo-3(4),9(10)-dibenzoyl-1,12,14-triene as an inophore
was investigated. The proposed electrode exhibits a Nernstian behavior with a slope of
29.2 ± 0.4 mV per decade with a working concentration range of 1.3 · 107–1.0 · 101 mol L1
and a detection limit of 1.0 · 108 mol L1. The membrane having the composition as
TDODBCPT:O-NPOE:PVC:OA; 7:57:30:6 wt.% exhibits the best results. It has a fast response
time of 7 s and can be used for at least 100 days without any considerable divergence in potential.
The proposed electrode show good discrimination of Zn2+ ion from diverse ions. The potential
response remains constant over a pH range of 3.5–9.2. The electrode found well work under labo-
ratory conditions. The proposed sensor directly used for determination of zinc ions in human hair
sample, wastewater and an indicator electrode with EDTA titration.
ª 2009 King Saud University. Open access under CC BY-NC-ND license.11 22911267; fax: +91 11
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lsevier1. Introduction
The development of ion selective electrodes are the well estab-
lished in most frequent applications in the ﬁelds of environ-
mental, agricultural, industrial and clinical analysis. This is
due to their several advantages, such as high speed, ease of
preparation, simple instrumentation, relatively fast response,
wide working concentration range, adequate selectivity and
low cost (Abbaspour and Tavakol, 1999). Zinc is widely dis-
tributed in the environment because it is used in paints, electro-
plating, pharmaceutical and chemical industries.
It is most important to maintain the sex glands especially
the prostate as well as metabolism of carbohydrate by virtue
56 S. Chandra, D.R. Singhof its synergism with insulin. Its deﬁciency cause growth
failure, anorexia hypogonadism dermatitis impaired wound
healing. Excess of zinc cause microcytichypo chromic anemia,
tremors, diarrhea, fewer chills pulmonary manifestation and
gastroentitis. Since there is urgent need for determination of
minute amount of zinc ion especially in food and biologically
samples. Over the past few years, several Zn2+-selective elec-
trodes have been developed (Pouretedal and Shamsipur,
1998; Gupta et al., 2006a–c; Gorton and Fiedler, 1977;
Shamsipur et al., 1999; Ganjali et al., 2004; Saez de viteri
and Diamond, 1994; Srivastara et al., 1996; Rocheleau and
Purdy, 1990).
All the reported electrodes have relatively acceptable per-
formance for monitoring zinc, but they suffer from some
limitations. They have poor selectivity (Gupta et al., 1997;
Kogima and Kamata, 1994; Kim et al., 1998), sensitivity
and stability, long response time (Gupta et al., 2003; Gad-
zekpo and Christian, 1984) and short life time (Zamani
et al., 2006).
In this paper we have used 1,12,14-triaza-5,8-dioxo-
3(4),9(10)-dibenzoyl-1,12,14-triene as an excellent ion carrier
to construct a highly selective electrode for determination of
zinc ion. The performance of proposed ion selective electrode
in many respects such as linear range, detection limit, response
time and slope is better than previously reported Zn2+-selec-
tive electrodes in literature.
2. Experimental
2.1. Reagents and apparatus
All the reagents used were of analytical grade 1,2-dibromoeth-
ane,salicyldehyde and 2,6-diaminopyridine were procured
from Aldrich. High molecular weight PVC, tetrahydrofuran
(THF), acetophenopne (AP), dibutylpthalate (DBP), and oleic
acid (OA) are obtained from Merck. Metal salts and other
analytic grade solvents were received from Merck. In addition
to this all standard and buffer solutions were prepared in dou-
ble deionized distilled water. Potential were measured with dig-
ital potentiometer EQ-602 Equiptronics (accuracy, 0.001 V,
India). The pH measurements were carried out on digital pH
meter (Lab India pH Conmeter, India). Auto ranging conduc-
tivity meter/TDS meter TCM-15 (Toshniwal Instruments Mfg.
Pvt., Ltd. Ajmer).
2.2. Synthesis of ionophore
The ionophore was synthesized by dissolving salicyldehyde
(1.0 mol, 5.32 mL) and (0.5 mol, 2.15 mL) dibromoethane in
50 mL ethanol. The reaction mixture was reﬂuxed for about
4 h at 60 C with constant stirring. Then 50 mL of ethanolic
solution of 2,6-diaminopyridine (0.5 mol, 2.72 g) add drop
wise, it was reﬂuxed for 12 h at same temperature. The reaction
mixture was kept in a refrigerator for 24 h and ﬁnally a light
brown bright crystalline compound formed. This was ﬁltered
on a Buckner funnel using a suction pump followed by wash-
ing with EtOH and drying in vacuum (scheme of synthesis
Fig. 1).
Yield: 65%, mp: 285 C; Anal. calcd. % for [C21H17N3O2]
C: 73.46; H: 4.95; N: 12.24. Found% C: 73.23; H: 4.92; N:
12.34. IR (KBr) (vmax cm
1), >C‚N (1604); Ar–O–R
(1225); –C‚C– (1553); Ph ring vibr. (752, 1149, 1453);Mass spectra of ionophore conﬁrmed the proposed formula
by showing the peak i.e. 77, 137, 213, 343 amu, etc. corre-
sponding to various fragments.
2.3. Electrode preparation
Varying amounts of inophore and high molecular weight PVC
were dissolved in 10 mL tetrahydrofuran after removing air
bubbles, the mixture was vigorously shaken. It was poured
into rings made of polyacrylates placed on a smooth glass plate
and the solution was allowed to evaporate at room tempera-
ture. After 48 h a transparent membrane of 5 mm diameter
was cut glued to a Pyrex glass tube with the help of araldite
and immersed in metal salt solution for equilibration (Gholiv-
and and Mozaffari, 2003). For studying the effect of solvent
mediator varying amount of these compounds were added to
solution prior to pouring it into the glass tubes. The ratio of
membrane ingredients was optimized after a good deal of
experimentation to provide membrane, which generates repro-
ducible, low noise and stable potential.
2.4. Potential measurement
The electrode potential and pH measurements of sensor were
performed at constant temperature (25 ± 0.5 C) by using
the above mentions apparatus. The representation of electro-
chemical cell for the electro motive force (EMF) measurement
is as follows:
External
reference
electrode (SCE)
Internal
0.01M
Zn(NO3)2
solution
Membrane Test
solution
Internal
reference
electrode (SCE)3. Results and discussion
3.1. Complexation study
In primary experiments, interaction of TDODBCPT with a
number of metal ions was investigated in acetonitrile solution
by conductometric method, and the results showed that, in all
cases, the ligand to cation mole ratio is 1. The formation con-
stants (Kf) of the resulting 1:1 complexes were evaluated by the
computer ﬁtting of the molar conductance mole ratio data to
appropriate equations (Gholivand and Nozari, 2001) and the
results are summarized in Table 1. The formation constants
values obtained revealed that TDODBCPT could be used as
an excellent ion carrier for preparation of a Zn(II) selective
membrane sensor.
The potential response of TDODBCPT based electrodes
were evaluated for diverse ions which are shown in Fig. 2. Ex-
cept for the Zn2+ ion selective electrode, in all other cases the
slope of corresponding potential–pM plot is much lower than
the expected Nernstian slope. This means that the membrane
efﬁciently sense the Zn2+ ions in comparison to other cations.
3.2. Effect of membrane composition on the electrode response
It is well known that the sensitivity as well as selectivity and
linearity of ISE are affected not only by the nature of inophore
Figure 2 Potential response of various ion selective electrodes
based on TDODBCPT.
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Figure 1 Scheme of synthesis of 1,12,14-triaza-5,8-dioxo-3(4),9(10)-dibenzoylcyclopentadeca-1,12,14-triene as inophore.
Table 1 Formation constant of Mn+-TDODBCPT
complexes.
Cation log Kf
Zn2+ 4.33 ± 0.15
Pb2+ 2.15 ± 0.14
Cr3+ 2.78 ± 0.15
K+ 3.73 ± 0.13
Ca2+ 2.76 ± 0.11
Mg2+ 3.64 ± 0.12
Ni2+ 2.99 ± 0.18
Hg2+ 3.15 ± 0.10
Co2+ 2.35 ± 0.12
Na+ 2.87 ± 0.19
Ag+ 2.43 ± 0.06
Mn2+ 3.97 ± 0.10
Ba2+ 2.92 ± 0.17
Zinc(II) selective poly(vinyl chloride) membrane ISE using a macrocyclic compound 57but also signiﬁcantly by membrane composition (Gupta et al.,
2005) and nature of solvent mediator and lipophilic additive
used (Saleh and Abdel, 2001; Ganjali et al., 1998). The compo-
sition of membranes with different proportional of ingredients,
the performance and characteristics of the electrode are given
in Table 2. Our experience on using several plasticizers includ-
ing AP and DBP for preparation of membrane showed that
plasticizer AP perform best as it exhibits the widest working
concentration range and near-Nersntian slope. Plasticizer
inﬂuence both dielectric constant of membrane, mobility of
ionophore and its interaction with Zn2+ ion. The effect of ino-
phore amount on the functioning of membrane was investi-
gated. It was found that membrane having a composition as
TDODBCPT:AP:PVC:OA as 7:57:30:6 wt.% exhibits the best
results (no. 4 in Table 2). The sensitivity of electrode response
increase with increasing the inophore content from 3% to 7%.
Further addition of inophore to 9% will, however, results in
diminished response of the electrode, most probably due to
some in homogeneities and possible saturation of membrane.
3.3. Best pH range
The pH inﬂuence of the test solution (1.0 · 104 M) on the po-
tential response of the membrane sensor was tested in the pH
range of 2.0–11.0. The pH of solution was adjusted by addition
of HNO3 or NaOH. It is clear from theFig. 3 that the potential
remain constant for the pH values from 3.5 to 9.2, beyond
which the potential changes considerably. This sharp change
in potential at high pH value may be due to hydrolysis of
Zn2+ while at lower pH value H+ start contributing to the
charge transport process of the membrane thereby causing
interference.
3.4. Response time, life time and reversibility
The response time of electrode tested by measuring the time re-
quired to achieve the steady potential time 7 s and was sus-
tained for about 6 min over the linear range of concentration
(Fig. 4).
The life time of sensor depends on the distribution coefﬁ-
cient of inophores and plasticizer between the aqueous and
membrane phase (Matysik et al., 1998). The detection system
Figure 5 Dynamic response characteristics of the Zn2+ electrode
for several high-to-low sample cycles.
Table 2 Optimized membrane compositions and their potentiometer response as Zn2+-selective electrodes.
Membrane no. Composition of membrane (wt.%) Slope Linear range
Inophore Plasticizer PVC Additive (OA) (mV/decade)
1 – 65(AP) 30 5 2.4 ± 0.8 1 · 101–1 · 105
2 3 62(AP) 30 5 17.5 ± 0.2 1 · 101–1 · 106
3 5 60(AP) 30 5 24.3 ± 0.5 1 · 101–1 · 105
4 7 57(AP) 30 6 29.2 ± 0.4 1 · 101–1 · 106
5 9 56(AP) 30 5 19.4 ± 0.7 1 · 101–1 · 105
6 8 57(AP) 30 5 25.3 ± 0.4 1 · 101–1 · 106
7 7 56(AP) 30 7 23.7 ± 0.6 1 · 101–1 · 105
8 6 58(DBP) 30 6 22.9 ± 0.4 1 · 101–1 · 105
Figure 4 Dynamic response of membrane electrode for step
change in concentration of Zn2+. (A) 1.0 · 107 M; (B)
1.0 · 106 M; (C) 1.0 · 105 M; (D) 1.0 · 104; (E) 1.0 · 103 M
and (F) 1.0 · 102 M.
Figure 3 The pH effect at 1.0 · 104 mol L1 Zn2+ ion solutions
on the potential response of membrane no. 4.
58 S. Chandra, D.R. Singhwas very stable after a period of 100 days calibration sensitiv-
ity decreased about 1.1 mV without any considerable change in
its linear range. In order to evaluate the reversibility of the pro-
posed electrode a similar procedure in the opposite direction
was also done. The measurement was performed in the se-
quence of high-to-low sample concentrations (Bakker et al.,
1997). Fig. 5 shows that the potentiometric response of the sen-
sor is reversible. Although the time needed to reach the equilib-
rium values were longer (45 s) than that for low-to-high sample
concentration procedure.3.5. Effect of non-aqueous media
The performance of electrode in partially non-aqueous media
using acetone–water, methanol–water and ethanol–water mix-
tures have been assed and the results obtained are presented in
Table 3. It was observed that in presence of methanol the slope
decrease remarkably. The slope is acceptable in the presence of
ethanol until about 20% (v/v) in the water and for the higher
percentage of ethanol, the slope decreases. This effect is drastic
in acetonitrile–water mixture where the slope is considerably
decreased even in 10% (v/v) acetonitrile. Therefore the elec-
trode assembly is suitable in ethanol water mixture up to
20% (v/v), there is only a small decrease in slope and working
concentration range, hence electrode can be satisfactorily used
in this media for estimation of Zn2+ions in solutions.
3.6. Selectivity coefﬁcient
In addition to the Nernstian behavior, linear range and detec-
tion limit, the selectivity of membrane sensor for Zn2+ ions
over other metal cations is a fundamental importance. To
investigate the selectivity of the proposed sensor, potential re-
sponse was investigated in the presence of various interfering
ions by using the match potential method (Oesch and Simon,
1980; Gupta et al., 2001). According to match potential meth-
Table 3 Performance of Zn2+-selective electrode in partially
non-aqueous media.
Non-aqueous
content (%v/v)
Slope
(mV/decade)
DLR
(mol L1)
Methanol
10 15.7 1.0 · 101–1.4 · 106
20 15.1 1.0 · 101–1.3 · 106
30 14.8 1.0 · 101–2.9 · 105
Ethanol
10 28.5 1.0 · 101–3.7 · 106
20 27.3 1.0 · 101–1.3 · 107
30 23.2 1.0 · 101–1.0 · 106
Acetonitrile
10 18.4 1.0 · 101–3.1 · 106
20 17.6 1.0 · 101–7.5 · 105
30 21.2 1.0 · 101–1.8 · 105
Figure 6 The membrane sensor as indicator electrode potenti-
ometric titration curve of 25.0 mL Zn2+ (1.0 · 10 3 M) with
1.0 · 102 M EDTA solution.
Zinc(II) selective poly(vinyl chloride) membrane ISE using a macrocyclic compound 59od (MPM) the selectivity coefﬁcient is deﬁned as the activity
(conc.) ratio of the primary ions and the interfering ion which
give same potential change in a reference solution. This one
should measure the change in potential upon changing the pri-
mary ion activity. Then the interfering ion should to be added
to a reference solution until the same potential change is ob-
tained. The selectivity coefﬁcient KMPMAB is calculated as
KMPMAB ¼ DA=aB where DA ¼ aA  aA; that aA is the initial pri-
mary activity and a´A the activity of A in the presence of inter-
fering ion, aB
KMPMAB ¼ DA=aB where DA ¼ aA  aA
It is obvious from the resulting values of selectivity coefﬁ-
cient in Table 4. It is evident from the selectivity coefﬁcient
data, that sensor exhibits high performance for Zn2+ ions over
other cations used. The surprising high selectivity of the mem-
brane electrode for Zn2+ ion, most probably arise from strong
tendency of the inophore for the Zn2+ ions.
4. Analytical applications
4.1. Potentiometric titration with EDTA
The practical utility of the proposed sensor was evaluated
using an indicator electrode in the potentiometric titration of
Zn2+ against EDTA. An amount of 10 mL of 1.0 · 103 M
Zn2+ solution titrated against 1.0 · 102 M EDTA solution.
The titration plot shown in Fig. 6 is of conventional sigmoidTable 4 Selectivity coefﬁcients of various interfering ions by
MPM.
Ions KMPMZn2þ;B Ions K
MPM
Zn2þ;B
Na+ 1.5 · 103 Cr3+ 4.5 · 104
K+ 2.5 · 103 Hg2+ 6.5 · 104
Ca2+ 7.8 · 104 Pb2+ 7.4 · 103
Mn2+ 1.5 · 104 Ba2+ 3.6 · 104
Ag+ 5.2 · 103 Co2+ 9.1 · 105
Mg2+ 6.7 · 104 Ni2+ 9.5 · 103shape, indicating sufﬁcient selectivity of the sensor towards
Zn2+ ions. The amount of zinc ion in solution can be accu-
rately determined from the titration curve providing a sharp
end point.
4.2. Analysis of Zn2+ ions by human hair sample
Human hair samples were obtained from different barbers.
About 1 g of dried human hair sample was put in 12 mL of
HNO3–H2O2 mixture (2:1) and the contents were heated at
150 C. The process was repeated for 2–3 times till a clear solu-
tion was obtained. Then, the volume of the solution was made
up to 100 mL and its pH was maintained in the range 4.0–5.0.
After dilution, the solution was stored in closed polyethylene
Bottles. The zinc content determine in the samples of human
hair and industrial waste water by direct potentiometrically
using the proposed sensor. The resulting values obtained by
proposed sensor given in Table 5, these values are in close
agreement to that of obtained by AAS technique.
4.3. Comparison of the proposed electrode with previously
reported electrode
Proposed electrode compare with previously best reported
Zn2+ electrodes (Fakakhari et al., 2002; Norouzi et al., 2006;
Meier et al., 1984; Ganjali et al., 2005; Shrivastava et al.,
1995; Buhlmann et al., 2004) in terms of working concentra-
tion range, response time and pH range. Our proposed elec-
trode shows better selectivity as compared to most reported
electrodes, as found in Table 6 that the interference value of
diverse ions are very less.Table 5 Analysis of Zn2+ ions by human hair and waste
water samples.
Name of samples Proposed sensor Determination by AAS
Human hair sample 76 ± 10 lg g1 74 ± 10 lg g1
Wastewater 1 1.64 ± 0.02 mg L1 1.59 ± 0.05 mg L1
Wastewater 2 2.43 ± 0.05 mg L1 2.39 ± 0.03 mg L1
Wastewater 3 0.26 ± 0.03 mg L 0.24 ± 0.04 mg L1
Table 6 Comparison of response characteristic of Zn2+ ion selective electrode with previous reported electrode.
S. no. Response range (mol L1) Slope (mv/decade) pH range Detection limit Response time References
1 2.9 · 107–3.2 · 107 29.9 2.0–9.0 2.7 · 107 <15 Gupta et al., 2001
2 5.0 · 105–5.0 · 102 24.0 4.0–7.0 3.9 · 105 30 Fakakhari et al., 2002
3 1.3 · 105–1.0 · 101 30.0 3.0–7.4 – 10 Norouzi et al., 2006
4 1.0 · 106–1.0 · 101 29.1 2.8–7.3 6.3 · 107 <10 Meier et al., 1984
5 5.1 · 106–1.0 · 101 29.7 3.1–6.5 – <8 Ganjali et al., 2005
6 1.0 · 106–1.0 · 102 29.3 3.0–7.0 8.5 · 107 20 Shrivastava et al., 1995
7 1.3 · 107–1.0 · 101 29.2 3.5–9.2 1.0 · 108 7 Proposed work
60 S. Chandra, D.R. Singh5. Conclusion
The results obtained from the above mentioned study revealed
that a potentiometric PVC-based membrane electrode based
on TDODBCPT function as an excellent zinc selective mem-
brane electrode. It can be used for the determination of this
ion in the presence of various interfering ions. Applicable pH
range, lower detection limit, and potentiometric selectivity coef-
ﬁcients of the proposed electrode make it a superior device as
compared to other methods used for the determinations of zinc
ion.Acknowledgement
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